After revolutionising manufacturing in the 1980s, the ideas of lean production are becoming increasingly significant for today's white-collar work. Drawing on extensive empirical fieldwork, this article shows the fundamental changes in knowledge and office work as a result of new lean concepts. Two case studies are compared: the implementation of lean in the administration of a traditional industrial company and the reorganisation of software development by combining lean with Agile methods in a leading IT company. Lean is becoming a pioneer for new forms of industrialisation of white-collar work. The spectrum extends from a 'factory approach' with rigid work flows in administration to new development models in knowledge-intensive areas that go well beyond Tayloristic approaches. Based on the possibilities of digitisation, lean opens up new ways for the valorisation of knowledge work in modern capitalism, best described with the Marxian notion of 'real subsumption' of labour under capital.
Introduction: A New Wave of Lean in White-Collar Work
The world of work is undergoing rapid change. Driven by digital transformation, many observers believe the nature of work itself must be rethought. Many Fordist-era certainties about the organisation of work are under scrutiny, not just in manufacturing but also in knowledge work. 1 From administration to research and development (R&D), fundamental changes are occurring. The upheavals in whitecollar work exceed mere questions of automation or job losses (see Frey and Osborne 2013; Brynjolfson and McAfee 2012) ; instead, they suggest a fundamental restructuring of the labour process and work itself.
In this context, lean production concepts have acquired new significance. Since the 1980s, when the lean production methods of the Japanese automotive industry revolutionised production (Womack et al. 1990) , companies have gathered broad experience with this new model. Now they are using these experiences to transfer lean concepts into their offices in a new way -a trend often called 'lean office', 'lean 1 'Knowledge work' is a common term used to denote work activities primarily devoted to generating knowledge. However, no generally accepted definition has been established. Mosco and McKercher (2007, x-xi) provide an overview of approaches, including a narrow definition that only encompasses "creative labour", wider definitions that include the handling and distribution of information, and broad approaches which include "all workers involved in the chain of producing and distributing knowledge products". In this article, a distinction will be made between medium-skilled office jobs in administration and highly-skilled knowledge work such as software development.
engineering' or 'lean development'. In the past, companies mostly applied individual lean tools in offices as a limited measure to reduce costs, but nowadays companies apply strategic initiatives to reshape the processes and structures of entire business units with thousands of employees. The pioneers fall into two groups: large industrial corporations, which transfer established lean concepts to administration and R&D, and major IT companies. In this knowledge-intensive industry, new forms of lean development, combining Agile development methods and ideas from lean production, represent a paradigm shift in software development (see e.g. Poppendieck and Poppendieck 2007; Boes and Kämpf 2014) .
The fields now being updated with new lean conceptssuch as R&D, IT and software development and even administrationonce occupied a special and privileged position in Fordist companies. They were only seen as secondary targets for rationalisation processes due to the limited number of workers compared to mass production facilities. In addition, traditional Taylorist rationalisation strategies never really "got hold of skilled white-collar work" (Littek and Heisig 1995, 373) . Aside from bureaucratic approaches to administration, a managerial strategy of "responsible autonomy" prevailed in areas requiring high levels of qualification (Friedman 1977) . However, the number of white-collar employees has grown continuously, and in many traditional industrial companies they now outnumber blue-collar workers. During the crisis of Fordism, this fast-growing white-collar world finally became the target of ongoing cost reduction, rationalisation programs and new strategies to intensify work (e.g. Keliher and Anderson 2010) . It is no longer a mere appendix to manufacturing, but is in the centre of the capitalist production process and the commodification of human labour. As a consequence, the development of whitecollar work has become an important research issue for a critical theory of modern capitalism. From a sociology-of-work perspective a thorough analysis of rationalisation strategies and the white-collar labour process contributes to understanding contemporary capitalist societies as a whole: changes in the work world can take effect not only on the economy but also on the dynamics of class and even the political sphere.
Against this background, this article develops an empirical perspective on applying new lean concepts in knowledge work and office jobs. The primary focus is on how work processes in white-collar fields are changed by concepts such as lean, with a secondary focus on the consequences for employees. After an elaboration of the research perspective and an outline of the empirical approach, two case studies will be compared: the implementation of lean in the administration of an industrial company and the reorganisation of software development by combining lean with Agile methods in a leading IT company. Based on a critical discussion of the empirical findings, the final chapter argues that lean is a hallmark of a leap of productive forces in society and paves the way for new forms of industrialisation of white-collar work.
From the Debate on Lean Production to the Industrialisation of White-Collar Work
Industrialisation concepts such as lean production have revolutionised manufacturing processes since the 1980s. This trend began with the production models of the Japanese automotive industry. Following the influential study by Womack et al. (1990) , these models started to receive widespread attention and were seen as the role models for lean production. This reputation is also reflected in a broad international and interdisciplinary scientific debate (see the overview by Holweg 2007; Hines et al. 2004 ). Examples range from well-known studies on the Japanese automotive industry (Womack et al. 1990; Ohno 1988; Rother 2009; Jürgens 1995) ; to the German debate on the "new concepts of production" (Kern and Schumann 1987) , where discussions focus on opportunities to end Taylorism and humanise work; to numerous empirical studies on lean elements in practice. The essence of lean is subject to debate. Womack et al. assert that the central goal of achieving "perfection" in the sense of "continually declining prices, zero defects, zero inventories and endless product variety" is the "defining" difference from the "good enough" principle of traditional mass production (1990, 13f) . This strategy of consistently eliminating waste is informed by a systemic view of the production process. This points towards the essence of lean: an "integrative approach" (Krafcik 1988, 51 ) that provides a holistic perspective on the entire value chain. Every part of the value chain and the interplay between these parts is continuously assessed in terms of value creation.
From an industrialisation theory perspective this holistic view is crucial: where the Taylorist paradigm focuses on rationalising individual tasks, the rise of lean production sees a return to industrialisation concepts inspired by the idea of an overall process and the systemic integration of the whole value chain. Interestingly, this provides some important links to a Marxian interpretation of industrialisation, which is built upon a differentiation between 'manufacture' and 'large-scale industry'. Marx emphasises that in large-scale industry the labour process is no longer defined by the addition of individual "subjective" tasks but by a "total process" in which the "partial processes" are integrated "objectively" and bound together by the machinery (Marx 1976 (Marx /1867 ). 2 If one combines these basic assumptions with the concepts devised by Ohno (1988) , the architect of the Toyota production system, an instructive interpretation of lean arises: the pillars of his approache.g. establishing a "flow of production", levelled and synchronised processes that work "just in time" and the "Kanban system", where the flow of information is processed in parallel to the flow of the assembly piecesno longer appear to be limited tools for rationalisation, but part of a systemic approach which aims to organise production in the spirit of an integrated "objective" process (Marx 1976 (Marx /1867 This comprehensive view on industrialisation and lean pays attention to the development of white-collar work. Seen from this holistic perspective, work areas outside production, such as research and development (R&D), administration or marketing, are simply natural parts of the overall value chain and are therefore also subject to the methods and principles of lean production (see Womack et al. 1990, 104ff) . Thus it is frequently argued that lean can only reach its full potential when applied not just to manufacturing but also to the surrounding areas of knowledge 2 The full quote is as follows: "Nevertheless, an essential difference at once appears. In manufacture, it is the workers who, either singly or in groups, must carry on each particular process with their manual implements. The worker has been appropriated by the process; but the process had previously to be adapted to the worker. This subjective principle of the division of labour no longer exists in production by machinery. Here the total process is examined objectively, viewed in and for itself, and analysed into its constitutive phases. The problem of how to execute each particular process, and to bind the different partial processes together into a whole, is solved by the aid of machines, chemistry, etc." (Marx 1976, 501f) . 3 Against this backdrop it is hardly surprising that the Japanese engineers had a relatively positive attitude towards Fordist mass production and especially the idea of the assembly line (Fujimoto 1998). work (e.g. Liker and Morgan 2006) . As a consequence, many companies quickly began to apply lean ideas in the office (see management literature, e.g. Productivity Press Development Team 2005; Association for Manufacturing Excellence 2007). However, results were modest and hardly comparable to the sweeping transformations in manufacturing. While principles such as the flow of production, the Kanban system or teamwork significantly transformed work processes in factories, no comparable operable lever was found in the white-collar world, where lean was understood as a management philosophy, a set of tools for incremental improvements or a simple cost-cutting strategy rather than a concept to establish new production models.
The new lean initiatives within industry and IT companies point towards a striking change: using lean, large-scale reorganisations of labour processes and organisational structures are now being advanced in the area of white-collar work. With the ongoing growth of white-collar work, comprehensive lean concepts gain new strategic relevance. Companies cannot limit themselves to small-scale improvements of single processes anymore, but develop ambitious and detailed roll-out plans for departments with several thousand employees. This is accompanied by an accelerating digitisation opening up new vantage points for reorganisation. From an industrialisation theory perspective, crucial research questions arise: what is the substance of this development in practice, and how is white-collar work changing? Are the industrial principles of leansuch as flow productiongaining new significance for white-collar employees and can they also open knowledge work towards industrialisation? In order to explore these questions properly, one must take the transformation of work and the experiences of employees into account: how do work processes change, what are the consequences for working conditions and how do employees experience the implementation of lean?
Addressing these research questions, Labour Process Theory provides an important theoretical framework. Following the debate on Braverman's famous study "Labour and Monopoly Capital" (1998, first published in 1974) this crucial approach to the sociology of work points out that a systematic and empirical account of concrete labour processes is vital for an analysis of capitalist societies. A particular focus is put on the question of how control is maintained in the labour process. Interestingly, the development of white-collar work already plays an important role in Braverman's initial study (1998; see Carter et al. 2011) , although with a certain bias towards Taylorist approaches. The analytical perspectives developed in critical debate with Braverman -from Friedman's continuum between "responsible autonomy" and "direct control " (1977; 1990) , to Edwards' differentiation between "simple, technical and bureaucratical control" (1979), through to Burawoy's analysis of "hegemonic control" (1979)turned out to be particularly instructive for an analysis of white-collar work (see e.g. Barrett 2005) . Moving beyond Taylorism they show, on the one hand, that there is not one paradigm of control but a complex interaction of different forms of control; on the other hand, they emphasise that employees are not just passive recipients of rationalisation strategies. Instead the labour process is "contested terrain" (Edwards 1979) actively shaped by workers in constant struggle.
With respect to the implementation of lean, the studies of Carter et al. (2011; in the public sector are particularly revealing. Using Labour Process Theory they show how the application of lean resulted in an assembly-line style of backoffice organisation, rather than job enrichment. The employees' scope for action was clearly reduced while their stress levels rose significantly (similar results are found in Esbenshade et al. 2016) . In a complementary manner, Hodgson and Briand used individual software teams as examples to show that even in highly-educated environments, new agile work forms do not necessarily lead to more empowerment, but can act as the source of new hierarchies (2013). These results show that a careful analysis of work processes and control strategies is necessary to thoroughly understand the new lean initiatives in white-collar work. A differentiated perspective should not overlook the impacts of lean on the conditions for empowerment and the autonomy of employees.
Methodology and Research Approach
The empirical basis of the current article is drawn from several research projects employing qualitative research design to analyse the development of knowledge work and office jobs over the past 10 years. The most relevant source for this article is the research project Lean in the Office (funded by the Hans-Böckler-Foundation), which focused on new forms of lean. It produced 12 case studies, relying on a total of 192 interviews with managers, representatives from works councils and employees. The cases cover administration, R&D and software development.
Considering the heterogeneity of white-collar work, it is necessary to perform a "comparative analysis" (Edwards 2007) . The underlying hypothesis is that new lean concepts and the changes of labour processes vary according to the skill level of jobs. The comparative approach is based on the assumption that, especially in highly-skilled areas of white-collar work, new forms of industrialisation beyond Taylorist approaches are required. Therefore, two case studies were selected that enable a comparison of the practice of lean in areas with different qualification levels: administration (Case Study A) and software development (Case Study B). Most employees in Case Study A were moderately qualified, while the software developers from Case Study B were mostly university graduates with at least a bachelor's degree. In both cases it was possible to gather empirical data over the course of multiple years to gain insights into changes in work over time.
Both companies are pioneers for new lean concepts and provide insightful examples of a broad and comprehensive implementation of lean. Case Study A covers the reorganisation of administrative jobs in the financial services of a German industrial company. Two waves of data-gathering (2008-2009 and 2014-2015) produced 15 interviews: ten expert interviews (with representatives from management, the works council and trade union officials) and five in-depth interviews with employees. Case Study B involves a large European IT company where lean was implemented within the development department of over 10,000 employees. Between 2010 and 2015, it was possible to gather extensive data on the large-scale implementation and maturation of the new development model in multiple waves. This involved a total of 70 interviews with employees and 21 expert interviews with representatives from management and the works council.
The case study approach combined expert interviews (Trinczek 2009 ) with indepth interviews with employees. The expert interviews provided insights into the strategic context of the introduction of lean, while the in-depth interviews helped to analyse the implementation and practice of lean in employees' daily work. They also considered employees' subjective views and experiences. In order to achieve this, the employee interviews were conducted as "problem-centred interviews" (Witzel and Reiter 2012), following guidelines while still giving the interviewees leeway to focus on the issues most relevant to them. The expert interviews lasted 60-90 minutes, the employee interviews 90-120 minutes. All interviews were recorded, transcribed and individually evaluated. Using an inductive approach, the interviews were subject to the reconstruction of themes and patterns and were contrasted with the theory-laden assumptions of the research team. In order to systematically reflect developments in these cases over a multiyear survey period, an iterative research process was used to interweave the interviews from across the different survey points and to gradually concentrate these into valid and meaningful case studies.
Case Study A: Lean and the Restructuring of Office Jobs
Case study A focuses on a German company (Company A) from the metal and electronics industry with several hundred thousand employees. A pioneer of lean manufacturing, Company A also started to use lean to reorganise work outside production. In contrast to other companies where lean is implemented haphazardly in various individual departments, Company A followed a uniform and comprehensive roll-out plan, initiated by top management. This program focused on administrative areas, e.g. human resources, financial services and controlling. The implementation of lean was determined via collective agreement, bargained by the group works council and management at a company level.
Shared Services as a Starting Point for Lean
The comprehensive introduction of lean in Company A builds on a series of rationalisation activities and changes in administrative work processes. White-collar employees traditionally enjoyed privileged work conditions in the company. Stability, security and -despite Company A's deeply bureaucratic organisationa certain degree of autonomy at individual workplaces were standard, even in many administrative jobs. For a long time, rationalisation, cost-cutting and the search for productivity gains focused on manufacturing. But the massive growth in white-collar jobsmore than half of all jobs in Germany today fall outside of productionand diminishing potential for productivity gains in production prompted a strategic reorientation. In 2006, a large-scale management initiative was launched that focused predominantly on the rationalisation of administrative activities. The goal of this programme was to cut one billion Euros in costs per year and reduce the number of employees in general and administrative areas by 20%.
However, the volume of these downsizing efforts, which were accompanied by significant trade union protests, was not the whole story. The crucial factor was that this programme also made work processes in the office itself subject to fundamental changes. Most importantly, the concept of "shared services" (Bergeron 2003) was promoted. At first glance, this simply meant tasks and activities within HR or Finance and Controlling were standardised and centralised. The previous distribution of such tasks was inefficient, with departments in different locations working with different processes and standards. Homogenising these routines and centralising staff provided uniform services for the whole organisation.
Looking more deeply, the concept revealed extensive standardisation and digitisation of office jobs throughout the company. This resulted in the standardisation of the IT systems, an increased degree of digitisation (e.g. digital records or accounts) and the IT systems becoming the foundation for work processes. Work routines were meticulously documented within teams and departments. These were translated into standardised digital workflows that determined work through detailed requirements for work procedures and structured the division of labour along the entire value chain. Digital ticket systems organised the supply of tasks (e.g. checking an account) for each employee. Holistic job profiles with a diverse set of tasks were replaced with increased specialisation, narrower task ranges and fewer opportunities for employees to use their unique competencies. This new exchangeability was perceived as a loss of recognition among employees: "[…] you feel like a number, a number that can be exchanged at any time, whose work can be done by anyone else in the world exactly like you'd do it" (A-7).
A Comprehensive Roll-Out of the Lean Office and its Consequences for Employees
Building on these changes, lean implementation was promoted. Following the previous wave of downsizing, lean fulfilled a special strategic purpose. Productivity was paramount, as the same administrative workload was supposed to be completed by fewer employees. Against this background, management established the main targets of lean as eliminating waste and improving processes to increase efficiencyinternal benchmark analyses targeted 30% reduction of waste in administration. This course of action was itself remarkable: lean was not used as a tool to leverage rationalisation effects and cut costs by downsizing as a consequence of productivity gains; instead, staff numbers were reduced in advance. Consequently, introducing lean and increasing productivity appeared to be the only choice to help remaining staffers struggling with an overload of tasks. Lean was implemented across the organisation in a top-down manner and supported by an internal consultancy unit. This unit trained 'lean agents' in individual departments over several months who functioned as multipliers throughout the company. The implementation of lean followed a uniform three-phase-model. The starting point were smaller lean workshops and improvement projectsmeasures such as 5A workshops and joint structuring of the workplace were designed to make employees open to lean ideas. Next, 'shop floor management' methods were introduced into the teamsincluding a shop floor board on which core work procedures were visualised on a day-to-day basis, fundamental for team management. Finally, central work procedures and interdepartmental processes were evaluated and reorganised based on extensive value stream analyses.
In particular, shop floor management fundamentally changed work realities. Within the Finance Department, all team members and the team-leader met every morning at the shop floor board for a daily stand-up meeting. Everybody had to explain the processing status of their tasks from the previous day and state what tasks were planned for that day. Team members had to state how much time they allotted to each of their tasks and how much time it took them to complete their tasks from the previous day. All tasks were visualised on the shop floor board accordingly. This ensured transparency, with the performance of each team member made available to management and to all other team members. Based on this information, the KPIs for the team were discussed and visualised at the board each day. This made the productivity of the entire team transparent and provided an important vantage point for managerial control and the team's self-organisation.
The introduction of lean accelerated the standardisation of work processes. Two strategies were employed. The first was workplace observations, which are analogous to production. Internal consultants observed employeessometimes over the course of multiple daysand used this as a basis to develop process models and value stream analyses. Employees were also asked to define 'optimal' workflows for certain tasks and to document these in a 'standard worksheet'. Knowledge gained through individual experience was thus transferred to standard processes and made available for other colleagues. Employees reported that their work had changed significantly, that more homogenous work routines were developing and that their tasks became simpler. However, unlike the monolithic processes of the past, the new processes were now under constant review via the team's daily shop floor meetings. Thus, the teams themselves were thought to be drivers of the continuous improvement process, enabling flexible work routines and a learning organisation.
From an employee perspective, lean changed the content of their work significantly. The trends already initiated by shared services continued: broadlydefined areas of responsibility were replaced by increasing specialisation and a stricter division of labour. Individual autonomy was reduced through standardisation of processes and the simplification of many tasks (similar results are found in Carter et al. 2011; Esbenshade et al. 2016 ). This simplification was often perceived as a devaluation of work. When looking at the data, it was particularly striking how shop floor management and the new transparency were experienced by employees. These practices placed new pressures on team members and were reported to be a burden:
The next day you automatically adopt a defensive attitude: Why you couldn't do it. Why you only planned five hours to do it, when in the end it took eight. Yes, there's definitely an attitude of justification… and with us it's just being shown. It's always in your face, what you still have left to do. And it's very stressful, at least for me.
[…] I have a different set of tasks from my colleagues, and they can't really understand that I sometimes sit in front of Excel for three hours. And I sometimes feel stupid -and it's not even related to my colleagues, but because I'm also thinking about how I can explain this in front of the board the next morning (A-10).
The quote demonstrates the dynamic that developed as a result of the transparency of the daily stand-ups. The employees felt they had to justify how much time they allotted to their tasksand how long it actually took them. Notably, zones of uncertainty ("my colleagues […] can't understand") were not used to secretly slip in extra time into work plans. Instead, employees seemed to give themselves less time for their tasksin order to not attract negative attentionand therefore put pressure on themselves to meet tight, self-imposed deadlines.
The interplay between lean and shared services fundamentally changed the work processes in the department. Shared services established the framework for the digitisation of workflows and standardisation of processes, while lean was used to increase productivity subsequently. Lean was supposed to further drive standardisation efforts and continue process optimisation, while shop floor management and teamwork were employed to dismantle individual silos and to develop a new level of transparency. It is clear that the design of the daily stand-ups visualising individual performance and working timescreated a dynamic of intensified work and increased performance pressure.
Case Study B: Lean, Agile and the Restructuring of Software Development
Case Study B focuses on a European IT company (Company B) with tens of thousands of employees, more than 10,000 of whom worked in various software development centres around the world. Since the end of the 1980s, Company B has grown rapidly into a global, professionally-structured company. To manage this ongoing growth, bureaucratisation of work processes within software development was promoted. However, the paradigm of the classic 'waterfall project' pushed the limits of an increasingly complex organisation and ever-shorter innovation cycles.
Major efforts to reform project management and controlling only led to more organisational overheadwith no increase in quality, speed or planning ability. In order to handle the increasing complexities of an ever-growing organisation, and not specifically to reduce costs, Company B started to develop a new approach for software development. The approach combined Agile methods and lean development, and it fundamentally reorganised work processes in a development division with thousands of employees.
Lean as a New Development Model
The starting point for the new development model were experiments using so-called Agile methods. These Agile methods, such as Scrum or pair programming, were originally developed at the end of the 1990s as a grassroots movement in the software community to counter the bureaucratic waterfall projects of large IT companies (Beck et al. 2001) . 4 This was based on the observation that the complex ex-ante planning of complete software projectswhich ultimately relied on a separation between planning and executionhardly ever worked in practice. Instead, Scrum capitalised on breaking down the development process into shortcycle development intervalsso-called 'sprints'of two to four weeks. At the end of every sprint lies the development of 'usable software', which can then be iteratively developed into the final software product in successive further sprints. This concept relies on pronounced customer orientation, embodied by the role of the so-called 'Product Owner', and on strong empowerment of the development team, embodied by the role of the 'Scrum Master'.
Against this backdrop, it is understandable that the roots of the new development model can be traced back to Company B's developer community. To counter increasing bureaucratisation, the developers established a grassroots initiative to experiment with Agile development methods. Even though pilot projects using Scrum proved successfulespecially in terms of quality and speedtop management were initially sceptical. The breakthrough only came once Scrum was combined with ideas from lean production. Lean principles were seen as necessary to scale the new development concepts and roll them out across entire departments. Second, leanas an established rationalisation methodprovided these new development concepts with a narrative that was compatible with top management's ideas and freed them from association with grassroots, 'anti-management' movements. With the support of top management and a consultancy firm, the new development concept was then rolled out globally throughout Company B over a period of two years. 5 This rapid change was also mirrored in a paradigm shift in leadership: the role of project managers was abolished, the manager-staff ratio was increased from 1:10 to 1:30 and the positions of Scrum Master and Product Owner were created.
This new development approach had three central pillars. First, development work was organised as a synchronised and clocked value chain. This was based on the short cycle development intervals inherent to Scrum. Depending on the development unit, two-and four-week sprints were the new standard. Since the endpoint of the sprint applied equally to all teams in a specific area, a common 'takt' was created. As such, the work of many different software teams became interwoven in a new way. This was also based on the fact that integration and compatibility testing became an early process step. The modern development environment allowed highly automated testing and integrating procedures along with a joint just-intime delivery of 'usable software' by all teams at the end of each sprint. In this way, Company B could reorganise the interfaces between teams and the handover of software packages and implement a system that establishes "production flow" (Ohno 1988) . Second, Company B managed to break down complex software into programming tasks that allow large development projects to be organised collaboratively without systematically separating the process of software specification from actual coding. After establishing the features of the software, a rough list of itemsthe backlogwas created and dispersed between the various teams. It was essential that the precise description of the individual items and the prioritisation of tasks were now performed iteratively from sprint to sprint. This was the responsibility of the new Product Owner role. As several teams usually worked on each project, a pyramid structure of Product Owners was established to organise collaboration between teams following the 'Scrum of Scrums' principle. This organisational structure provided a new level of transparency and increased opportunities for managerial control (see also Barrett 2005) . While development work under the previous system was normally a 'black box', the sprint intervals with their clearly defined items in the backlog allowed outsiders to assess the status of any project in two-to-four week intervals.
Third, Company B no longer relied simply on individual software developers, but the 'empowered team' became the nucleus of the new development model. The socalled 'team of ten' was understood as a self-organising autonomous unit with a great degree of autonomy in its daily work. According to Scrum, each team could decide for itself how many items from the backlog it could process and how the software should be programmed. The focus on team work represented a shift from the principle of individual expertise to the predominance of collective knowledge domains. Thus, team structures were characterised by a strong emphasis on sharing knowledge and creating transparency. For example, teams now met daily at a standup meeting, the Daily Scrum. There, the team members informed each other about the status of their tasks and had the opportunity to ask for assistance.
The Transformation of Work and the Employee Perspective
From an employee perspective, introducing lean development changed daily work routines immensely. In particular, the synchronised team schedule and sprints altered the rhythm of daily work. Even though the typical peaks before release decreased, the overall time buffers were reduced. The imponderables of software development could no longer be mitigated through long project runtimes and were felt directly by the developers. In addition, developers and teams no longer developed within their own silos, but were entangled in a web of interdependencies as a result of organisation-wide synchronisation. 6 Instead of being exclusive to release time, these inter-organisational interdependencies now determined the daily 6 One developer described the new working conditions as follows: "You don't work in a silo any more. You don't have a list of tasks that are specifically for you. Instead, there are a lot of tasks under my responsibility that other people are working on, too. They have a huge communication effort towards me now. Sometimes I have to create the preconditions so these people can process the tasks. So you have a greater dependency on each other which increases stress levels. When you were working in a silo, that just gave you fewer interaction points […] and you could decide your own speed" (B-61).
routine of many teams due to short development cycles. Analogous to just-in-time production, late delivery of code or unresolved interconnections now escalated faster and more seriously within the development process. By breaking up the individual silos, Company B also increased the transparency of development work. Developers increasingly had to act and interact within public spaces. Regular team meetings like the Daily Scrum, as well as providing a platform to present project results, were predominantly used to communicate individual work progress and the status of individual tasks. This was a concern for employees, who reported that they had to 'reveal' or 'explain themselves'. One developer described how this increased work pressure:
Yes, [you have to] work longer hours. During your work you just feel a lot more pressure. Because you have to justify or explain yourself every day in the Daily Scrum. What did I do? What was my problem? What am I going to do today? So you're permanently under some kind of surveillance. And there's that permanent pressure to get it done. […] when I have to explain myself in front of six colleagues every morning, justify what I managed to do yesterday, that is quite different from when I get asked by someone after three months: 'Hey, could you show me your application?' (B-44).
This example shows how these transparent working methods were interpreted as a threat and a sign of increased "surveillance". Furthermore, the empirical investigation revealed that both conflicts within management and the potential for conflicts within teams ('peer group pressure') increased significantly (on conflicts about the introduction of team work see Thursfield 2015) .
Even under the old production system, software developers had stressful working conditions. With lean, however, employees voiced new concerns over an increasing pressure and a new 'permanent stress' (B-50). The lack of team empowerment was a particular driver (Boes and Kämpf 2014) . While the empirical work identified some areas where teams now had more leeway, other areas showed the opposite trend: contrary to the initial ideas behind Scrum, employees testified that they could no longer define their workload and had less autonomy. Consequentially, interviewees complained about an environment where they only processed backlog items, like an 'assembly line'. The loaded question 'Are we just assembly line workers?' came up many times during the interviews. Without empowerment, the transformation of work was perceived as devaluation and a loss of recognition. As stated by one developer:
Stress levels will rise. And we're probably going to see an industrialisation of development, in a sense that eventually the software process will be like building a car.
[…] The human element is abandoned. And for me that is the hallmark of industrialisation (B-42).
Discussion and Conclusions
Both case studies provide insights on fundamental changes of work processes driven by the implementation of lean. From an industrialisation theory point of view, they reveal new concepts and strategies to turn not only office jobs (Company A) but even highly-skilled software development work (Company B) towards industrial processes. By implementing industrialisation concepts such as lean in white-collar work, the idea of organising labour like an integrated "objective process" (Marx 1976 (Marx /1867 is taking shape outside of manufacturing in new ways.
Comparing the Cases: No One Best Way for Industrialising White-Collar Work
Comparing the two cases supports the initial assumption that a differentiation between office jobs and highly-skilled software development is necessary. Administrative areas within Company A are defined by a shared services concept and rigid work flows, which grant employees limited autonomy. As 'digital assembly lines' they bear resemblance to the analysis of Carter et al. (2011) and even to Tayloristic approaches. The combination of lean and Agile methods in software development within Company B stands in stark contrast to Company A's 'factory approach'. It is an important example of how industrial processes in white-collar work can be designed beyond Tayloristic approaches and without eliminating the intellectual potential of knowledge workers. Software development has many creative elements, so mere standardisation of tasks is insufficient. Instead, synchronising teams and integrating their work results over short cycles ('usable software') creates an integrated value chain, while preserving a high degree of autonomy and empowerment within some teams. The most important element of this approach is breaking up each developer's silo and putting a new focus on teamwork. As such, the conditions for 'responsible autonomy' and the mode of control in the labour process have changed. On the one hand, transparency in work processes creates even new options for 'direct control'. On the other hand, the team itself becomes a potential source of control and a central component of a multilayered configuration of control (see Barrett 2005) .
In considering the issue of employee participation, a comparative analysis is also revealing. For Company B, the realisation of the new development model depends on active employee participation. Thus empowering the teams is an essential conceptual component of the new approach, despite often being neglected in practice. In Company A, in contrast, there is no notion of empowerment at any level. This is also reflected in the different implementation processes. While Company A rolled out lean in a top-down process, Company B emphasised employee involvement, starting from an employee grassroots initiative. For these developers, Agile methods had a positive connotation derived from their original criticism of the bureaucratic waterfall model. Thus, the prospect of deformalisation of development work was a precondition for active employee involvement. However, the plans and labels changed gradually: 'Agile' became 'lean and Agile' and ultimately just 'lean'. Following the argument by Boltanski and Chiapello, the company managed to incorporate the "artist's critique" (2005) of the developers to transform work routines towards a new industrialised development approach.
Digital Transformation as a Catalyst for Lean in White-Collar Work
The case studies show that the implementation of lean within white-collar work reaches a new quality. Unlike past applications, lean now involves substantial transformation of labour processes. Considering the long history of lean, it is worth asking why lean is now achieving new significance outside of traditional production areas and how it has become a key tool for the reorganisation of white-collar work towards industrial processes.
The case studies demonstrate that it is crucial to consider the ongoing digitisation of labour processes as a key starting point (e.g. Boes et al. 2017b; Fuchs 2014; Huws 2014) . In both administration and software development, employees are working with digitised work objects which are processed in continuous IT systems. The digital 'information space' is thus becoming a real "space of production" (Boes et al. 2017a) . The "stream of paper" described by Braverman (1998, 208) is now turning into a digital 'flow of information'. This allows concepts such as flow principles and the idea of an integrated value chain in which individual work steps are synchronised without waste to be applied in offices in a whole new way. To transform IT-based tasks into standardised workflows, Company A unified their IT systems within the shared services programa development mirrored in Company B, where modern development environments and systems provide the foundations for a new model. Using these systems, code produced by multiple developers can be tested automatically before being integrated into a joint software product, even on a daily basis if needed. Not only do developers cease working in separate silosthey now also contribute to a truly interlinked, collective labour process. Thus, these IT systems are an essential prerequisite for transforming the development process into a synchronised industrial value chain. Still, it is essential not to attribute work changes solely to digitisation. Following the argument put forward by Spencer (2017) , such a simple reification fails to consider complex organisational dynamics and social contradictions that determine the shape of production systems. Technology alone cannot define a clear work process. Reorganising white-collar work and generating a truly functional value chain from the digital 'flow of information' requires consideration of organisational concepts ranging from work organisation on the shop floor to overall configuration of the organisation, management and leadership approaches. From that point of view the case studies show that lean concepts offer important 'answers' for management in this regard. First, they contain specific tools such as value stream mapping or shop floor management. Second, they also provide theoretical concepts for the design of industrial value chains as integrated processes. Third, they convey a degree of authority, as there are many empirical examples of restructuring industrial manufacturing following lean principles.
Based on the new possibilities of digitisation, lean is becoming a strategic lever for companies to transform work processes in offices and knowledge work towards industrialisation. Company A used lean to advance its shared services concept towards a 'digital assembly line' and gain productivity as processes improve. For Company B, lean provided a way to scale Agile methods and establish a new industrial production model throughout the entire development department. At the same time, lean was used in both cases to enhance transparency in the labour process of its white-collar staff and to create a new configuration of control. It is striking that neither company relied solely on the visibility that emerges with digital work environments and the corresponding opportunities for direct or technical control. Instead, using lean transparency was deliberately created as a social process at team level and through the organisation of interactions and collaboration within teams. Shop floor management, stand-ups and Daily Scrums help to produce transparency by institutionalising daily discourse, and thus become new components of the control of white-collar work.
Knowledge Work becomes Real Wage Labour: From New Forms of Industrialisation to a New Phase of Capitalism
Obviously, the working conditions of white-collar work are undergoing fundamental changes. Both case studies reveal rising stress levels, a growing feeling of a devaluation in work, a loss of recognition and new insecurities among the employees. These developments show clear signs of an "intensification of work" (Keliher and Anderson 2010) . However, from a conceptual perspective, industrialisation goes beyond an intensification of work. Marx considered industrialisation as a new principle for the organisation of production processes, which changes society as a whole. Above all, the transition from craft production to industrial production enabled the "real subsumption" (Marx 1976 (Marx /1867 ) of manual labour under capital. Being an "objective process", the labour process could now systematically be subordinated to the valorisation of capital and the conditions of surplus value production. The real subsumption of blue-collar work and the new quality of valorisation of human labour became the foundation for the development of industrial capitalism from the 19th century onwards. Diverging trajectories for manual and intellectual labour were constitutive to subsequent capitalist formations. Industrialisation focused on blue-collar work, while major parts of white-collar work didn't really fit with traditional industrialisation concepts. Case studies A and B are examples for a new development: they show how new forms of industrialisation are being implemented, now targeting even knowledge work. The industrialisation of labour processes allows companies to reduce their dependence on individual employees. As both case studies reveal, the breakdown of individual silos and the loss of "areas of uncertainty" in labour processes (Crozier and Friedberg 1981) undermine the individual power resources of workers and pave the way for the establishment of new forms of control. At the same time, unlike in traditional Tayloristic approaches, the subjective elements of knowledge work are not neglected. Instead, we can observe a more efficient, systemic and industrialised use of the subjective activities of knowledge workers whose labour has so far often only been 'formally' integrated into the capitalist production process. It is on the basis of being incorporated into an objective process that a growing share of knowledge work is targeted by new forms of industrialisation. From a theoretical perspective they become a new basis for a 'real subsumption' of knowledge work. As the history of industrial capitalism indicates, the transformation processes from formal subsumption to real subsumption have been crucial for the development of capitalism (see Harvey 2018; Hardt and Negri 2018; Fuchs 2018) . In terms of a "Landnahme" (Harvey 2003; Dörre and Haubner 2018) 7 the industrialisation of knowledge work is tapping a new source of capitalist valorisation now. It becomes a driving force of a new phase of capitalism, which we call "informatised mode of production" (Boes and Kämpf 2018) . The starting point of this process is digitisation and the development of productive forces. However, a differentiated, nondeterministic perspective is needed here. It is important to consider that the Marxian notion of productive forces does not refer solely to technological developments such as digitisation; much more, at the very core is human labour power. The case studies reveal the complex interplay of technology and what Marx calls "forms of cooperation" (1976/1867). They show that, on an intermediate level, managerial strategies and production concepts such as lean are needed to really transform labour processes. The industrialisation of knowledge work is not a determined technological process, in which knowledge workers are just passive recipients. It is much more a contradictory and open social process, shaped by daily working practice, power relations and conflict. As seen in Case Study B, knowledge workers can even prompt the reorganisation process initially. The growing importance of concepts such as 'team empowerment' is not simply an ideological twist of the management, but reveals that the configuration of work processes is negotiated permanently in the new development model and is an object of ongoing struggle. These struggles around team empowerment give a glimpse on possible vantage points for resistance and new power resources for knowledge workers, to counter and to limit the subsumption of labour under capital.
The effects caused by the implementation of new forms of industrialisation are not restricted to the immediate sphere of work. Moreover, they affect capitalist societies as a whole, and even the political sphere. An example is the rapid rise of new rightwing parties such as the AfD in Germany. This development cannot be understood without taking into account the anxieties and the growing fear of status loss among the middle class (see Nachtwey 2018) , which is to a large extent comprised of whitecollar workers. Especially, the arguments by Eric Olin Wright on the class location of knowledge work (e.g. 1997) remind us that the origins of shifting social structures of class are changes of the labour process itself. The Fordist era, which was characterised by the fact that crucial segments of white-collar work were only 'formally' subsumed under capital, has seen the rise of the middle class and a growing "zone of integration" (Castel 2003) . The industrialisation of knowledge work points to a different direction and opens up new social divisions among this previously stable and privileged social stratum. Members of the middle class who are able to protect their 'zones of uncertainty' in the labour process can hope to retain their privileged conditions of work and life, or even improve them. But the same does not apply to the growing groups of knowledge workers who are confronted with industrialised labour processes, transparent work routines and new forms of control. The decline of the middle class, with its characteristic "fear of falling" (Ehrenreich 1989) , or what Randy Martin calls "the decomposition of the professional managerial class" (2015, 260) gets a new crucial driving force. It is no longer primarily based on indirect effects, the neoliberal deregulation of labour markets or economic and financial crisis. Rather, it is fundamental transformations in the sphere of work itself that turn knowledge work into 'real' wage labour now (Boes and Kämpf 2018) .
